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Brief Explanation of Drawing: 

The drawing is a comparative table showing the properties of the copolymers 
produced by the method of the present invention. 



Detailed Explanation of Invention: 

It has been said that the synthetic high-molecular polymers that are used for fibers, 
rubber, plastics, film, adhesives, paints, etc. generally have the disadvantages of high 
static chargeability and low dyeability. 

As the means currently used to improve these disadvantages, there are graft 
polymerization, blending, blend spinning, among other methods. However, graft 
polymers have the disadvantages of a lower melting point or crystallinity than that of 
the original homopolymer In many cases. Blends show inadequate mutual 
compatibility of the component polymers and consequently have the disadvantages of 
the occurrence of phase separation the extraction and separation of the components 
due to their contact with water, oil and other ambience, which cause a deterioration in 
quality with time. Moreover, blend spinning has the disadvantage of being unusable 
for any purpose other than fibers. 

The present invention relates to a method for producing temninal block copolymers 
with polyester or polyether or both of these bonded to the end of the molecular chain 
of a polymer having an ethylene-like unsaturated bond at the end. The present 
invention is intended to provide copolymers that will remove all of those 
disadvantages. 

Given below is a detailed description of the method of the present invention. The 
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method of the present invention comprises the first step in which a polymer having 
one halogen on one end or both ends of a polymer molecular chain by adding a 
telogen that is capable of dissociating halogen radicals to the polymer system of a 
radically polymerizable monomer which has an ethylene-like unsaturated bond at the 
end, the second step in which the polymer obtained in the aforementioned first step is 
ammonolyzed to turn it into a polymer having the primary, secondary or tertiary amino 
group, and the third step in which the polymer obtained in the aforesaid second step 
which has an amino group is addition-polymerized with at least one of the three 
materials, that is, j3 -lactone, £ -caprolactone and ethylene oxide to cause that such 
polymer to be bonded to the polymer having an ethylene-like unsaturated bond at the 
end at the part of the amino group. The purpose of this method is to produce the 
terminal block polyester copolymer or terminal block poiyether copolymer or terminal 
block polyester/ether copolymer copolymer to which at least one of the aforesaid 
three materials is bonded. 

Generally, the aforementioned polymer having an ethylene-like unsaturated bond 
at the end has only to be a polymer that is obtained from a monomer to one end or 
both ends of the molecular chain of which one halogen can be added. Examples of 
such monomer include radically-polymerizable monomers such as styrene, 
acrylonitriie, butadiene, methyl acrylate, methyl methacrylate, ethylene, propylene, 
vinyl chloride, vinylidene chloride, vinyltolucone, acrylamide and ethylene 
tetrafluoride. 

Furthermore, the aforesaid polyester and poiyether parts are the parts at which j3 
-lactone, £ -caprolactone and ethylene oxide are turned into poly- j3 -lactone, poly- e 
-caprolactone and polyethylene oxide, respectively, through ring-opening 
polymerization. 

Given below next is a description of each step of the method of the present 
invention. First, as for the first step, the purpose of the first step is to cause the 
polymer having an ethylene-like unsaturated bond at the end to have one halogen at 
its end. This halogen is preferably chlorine or bromine. 

The addition of halogen can be accomplished easily by adding to the polymer 
system telogen as a chain transfer agent that is used in well-known telomerlzation. 

Since the aforesaid telogen has only to be able to dissociate halogen radicals, it 
may be selected from among firstly haloalkanes such as CCU, CBr4, CI3CCCI3, 
CCi2Br2, CF2Br2, CF3I and CHI3, secondly haloalkanes such as Cl2C=CCl2 and 
CHCl=CCl2, thirdly acylhalides such as CH3COCI, COCI2 and CICH2COCI and 
halogenated alcohols such as CI3CCH2OH and BrCH2-CH20H, fourthly halogenated 
ethers such as CICH20CH3, C1CH2 and OCH2CI, fifthly sulphonylhalides such as 
C6H5SO2CI and CI3CSO2CI, and sixthly halogenated aldehydes such as 
CICH2CH2CHO, for example. 

These halogens have only to be used in a state of being dissolved in a single 
solvent or a common polymerization solvent in the polymerization of the monomer, 
with the intended degree of crystallization taken into consideration. For example, in 
the case of obtaining a polymer of high crystallinity, polymerization may be carried out 



2 



by using a telogen having a small chain transfer constant and mixing and dissolving a 
proper amount of such telogen in a non-telogen solvent; and in the case of obtaining a 
polymer of low crystaliinity, polymerization may be carried out by using a telogen 
having a large chain transfer constant. 

The chain transfer constant becomes larger in the order of l>Br>CI. 

As stated above, the first step is a step in w/hich a telogen containing halogen is 
added to a common radical polymer system so that a polymer having at least one 
halogen at the end of the molecular chain is obtained. 

Next as to the second step, this step is a step in which the halogen of the polymer 
having an ethylene-like unsaturated bond at the aforesaid end is transformed into an 
amino group. As the means for effecting such transformation, there are two types 
available. 

The first means is a method in which the polymer containing a halogen at the end 
is heated in sealed condition to approximately lOO'C in an ammonia or ethanol 
solution. The second means is a method in which the polymer containing a halogen at 
the end is caused to react with liquid ammonia in sealed condition. 

With either of the two means, it is preferable that an excess amount of ammonia 
be added and the reaction be carried out with shaking or agitation. 

As reaction time becomes longer, amination progresses. However, a reaction time 
of 20 to 50 hours is enough. 

Out of the aforesaid two means, the first means may cause a deterioration in the 
quality of the polymer due to high reaction temperature and tends to cause 
decomposition reaction with halogenated secondary and tertiary alkyl. For this reason, 
the second means is preferable from a practical standpoint. 

Specifically, the second means has an advantage over the first means because the 
second means not only can be carried out at low temperature but also hardly causes a 
heat deterioration in the polymer. 

When this means is adopted, reaction temperature be set preferably at -40 to 
100°C, most preferably 0 to 60°C. 

Reaction time is considerably short. For example, reaction is completed within 15 
minutes at in some cases. 

The rate of ammonolysis becomes higher In the order of l>Br>CI, depending on 
the halogen at the end of the polymer. 

The terminally aminated polymer thus obtain contains the primary, secondary and 
tertiary amino groups as shown in the following general formulas, wherein "P" 
represents the molecular chain of the polymer: 

P-NH2 (1) 



NH . 

I 

P 



(2) 



3 



p 

When an excess amount of ammonia is used, the aforesaid (1) tends to be formed. 
Consequently, if the properties of the polymer are to be retained as far as possible, it 
is preferable that a large amount of (1) be caused to be contained in the polymer 
having the amino group at the end. 

Next, as for the third step, this step is a one in which at least one of the three 
materials, that is, j3 -lactone, e -caprolactone and ethylene oxide, is added to the 
polymer obtained in the second step which have the amino group. 

Further, what has to be kept in mind with respect to this step is that 0 -lactone and 
£ -caprolactone can show addition polymerization with any of the aforesaid polymers 
(1), (2) and (3) but ethylene oxide does not show addition polymerization with the 
polymer (3). 

The main structure of the copolymer that can be obtained in the third step is as 
shown in the general formulas below. 

However, in the third step, a complex reaction may occur, and therefore the 
structure is not always limited to the formulas below. 

In these fomiulas, "R" represents the portions of B -lactone and e -caprolactone 
from which the ester bonds. 

(A) P-NH-[CORO]n 

(B) P 

I 

N-[CORO]n- 



(C) P-NH-[RC02]n- 

(D) P 

I 

N-[RC02]n- 



(E) P 

I 

P-N-[RC02]n- 



(F) P-NH-[CH2CH20]n- 

(G) P-N-[ CH2CH20]n- 

\[ CHgCHzOJn- 



iS -lactone generally has the structure as shown by the following formula: 

R2 R3 

I 

C - C - R4 

o 

Where Ri, R2 and R3 are hydrogen, the alky! group, the aryl group, the aralkyi 
group or the polymethylene group having a carbon ring formed through mutual 
bonding. Examples of these include B -propyolactone, j3 -butyrolactone, (5 
-isovalerolactone, ^ -caprolactone, jS -isocaprolactone, i3 -methyl- B -valerolactone, 
a , a -dlpropylpropionolactone, a , a -dibutylpropionolactone, a , a 
-diethylpropionolactone, a -phenylpropionolactone, a -phenyl- a -ethyl- /3 
-propionolactone, a -methyl- 3 -ethyl- B -propionolactone, and a -bis-{chloromethyl) 
propionolactone. 

At least one of Ri, R2, R3 and R4 needs to be hydrogen. Generally, polymerizability 
becomes higher as the number of hydrogen as a substituting group increases, and B 
-propyolactone and 0 -butyrolactone are the most preferable. 

In order to cause j3 -lactone, £ -caprolactone and ethylene oxide to be 
addition-polymerized to the polymer having the amino group, the polymer has only to 
be added to single j3 -lactone, £ -caprolactone and ethylene oxide or caused to react 
with them in an appropriate solvent. 

This solvent has to dissolve iS -lactone, £ -caprolactone and ethylene oxide but 
does not always have to dissolve the polymer. 

Further, it goes without saying that it is necessary that the solvent should not react 
or should be difficult to react with 0 -lactone, s -caprolactone and ethylene oxide. 

Examples of such solvent include chloroform, carbon tetrachloride, ether, 
tetrahydrofuran, acetonitrile, aliphatic and aromatic liquid-state hydrocarbon, water, 
alcohol, N-methylpyrrolidone, dimethylfonnamide, dimethylacetoamide, and 
dimethylsulhoxide. 

Out of these, water and alcohol are not a good solvent because they show some 
reactivity with B -lactone, e -caprolactone and ethylene oxide though the reactivity is 
not so high as with amine. 

Dimethylformamide, dimethylacetoamide, and dimethylsulfoxide may form a 
polymer of their own when they react with j3 -lactone, £ -caprolactone and ethylene 
oxide or they are of low purity. 

However, these solvents help increase the rate of addition in many cases. 

Reaction temperature is approximately not higher than 160°C and has only to be 
not higher than the melting point of j3 -lactone, e -caprolactone and ethylene oxide 
or the melting point of the solutions of these solvents. In the cases of i3 -lactone and 
£ -caprolactone, reaction temperature is preferably -20 to SOt; and in the case of 
ethylene oxide, reaction temperature is preferably 0 to 120°C. 

Most preferably, in the cases of B -lactone and e -caprolactone, reaction 



Further, 

(H) 

Ri - 



temperature is 0 to 60°C] and in the case of ethylene oxide, reaction temperature is 50 

to 100°C. 

Reaction may be carried out in the air at temperature not higher than the 
temperature at which the polymer is not subjected oxidation, such as 50X: for 
example. However, reaction should be carried out preferably In inactive gases, such 
as helium, neon and argon. 

Reaction in an atmosphere containing moisture or carbon dioxide must be 
avoided. 

As for reaction time, reaction reaches equilibrium practically even at low 
temperature in a reaction time of 200 hours or so. However, normally a reaction time 
of not more than 50 hours is enough in many cases. 

There is no problem if the reaction system is unifomi. However, if the polymer to 
which addition is made is in a solid state, it is desirable that the polymer Is in a 
condition of having as large an area as possible, such as a condition of fine particles 
and fibers. 

Agitation Is not always required. 

The copolymer obtained is a uniform solution, it has only to be separated through 
reprecipltatlon If It is a uniform solution. If the copolymer is a solid, it may be taken out 
without dissolving It by using a method in which it Is washed in the solvent for 
dissolving j3 -lactone, £ -caprolactone and ethylene oxide. 

The properties of the copolymer obtained by the method of the present invention 
are as follows: 

1 . The copolymer shows practically no phenomenon of a fall in the melting point. On 
the contrary, the melting point may rise. Even if it falls, the amount of the fall is small. 

2. There is practically no decline in crystallinity. On the contrary, crystallinity tends to 

rise. 

3. The copolymer has no double melting point. 

4. The electric resistivity value and static chargeabllity decline. 

5. There is no extraction separation or phase separation. 

6. It is possible to improve dyeability. 

7. Phase transition may take place at a certain ratio between the two copolymerization 
components In some cases. As a result, the melting point or crystallinity will change 
from a value close to that of the homopolymer of one of the components 
discontlnuously to a value of that of the homopolymer of the other component. 

Next given is a description of Examples. 
Example 1: 

0.2 mol of styrene and 60 ml of carbon tetrachloride were allowed to stand for 48 
hours at 130°C in a sealed condition in a nitrogen atmosphere to be polymerized, 
using 0.1 g of a , a ^-azobisisobutylonitrile as an initiator. 

After completion of the reaction, this solution was added to 600 ml of methanol in a 
high-velocity-revolution mixer so that reprecipitation would occur. After it was washed 
with methanol several times, it was dried under vacuum, and as a result a polymer in 
a white powder state was obtained. 
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The polymerization yield of this polymer was 40.6%. As for the properties of the 
polymer, its intrinsic viscosity was 0.0454, its molecular weight was 2580, and its 
melting point was 89.5 to 94.5°C. 

Next, 5 g of this polymer were weighed into an open glass container, this container 
was placed in an autoclave, and an excess amount of ammonia was added to it at 

lore. 

The pressure at 20°C was 8 to 10 kg/cm^. This was caused to react for 20 hours at 
30 to 40°C with agitation. 

After completion of the reaction, the unreacted liquid ammonia was removed by 
evaporation. The reaction product was washed with methanol several times and 
dissolved in approx. 50 ml of benzene, reprecipitated in 500 ml of methanol, filtrated 
while it was washed with methanol, and dried under vacuum. As a result, a polymer in 
a white powder state was obtained. 

This polymer had an intrinsic viscosity of 0.0442, a molecular weight of 2460, and 
a melting point of 86 to 92t. 

Next, 2 g of this polymer together with 30 ml of B -propiolactone were 
encapsulated Into a glass ampule purged with nitrogen and allowed to stand for 20 
hours at 50''C to be polymerized. 

After completion of the reaction, chloroform was added to the ampule so that the 
solution became homogenlious. This solution was added to benzene whose amount 
was 10 times that of the solution. 

Practically no impurity was observed in the solution. However, this was filtrated, 
and the filtrate was concentrated to approx. 80 ml at 30 to SO^C under vacuum and 
added to methanol whose amount was 10 times that of the concentrate in a 
high-velocity-revolution mixer so that reprecipitation would occur. 

The precipitate was filtrated while it was washed with methanol and dried under 
vacuum. As a result, a copolymer powder was obtained. 

The copolymer showed a mol percent of 36.9% for the /3 -propiolactone portion, 
an intrinsic viscosity of 0.0439 and a melting point of 88 to 94 °C. 

The copolymer did not show any significant fall in the melting point, had no phase 
separation, contained no homopolymer of ^ -propiolactone, but exhibited an 
improvement In static chargeability. 
Example 2: 

Styrene and carbon tetrachloride in a composition as shown in the Table were 
sealed in a nitrogen atmosphere and allowed to stand for 48 hours at ISO^C to be 
polymerized. 

A chloroform solution of this polymer was added methanol whose amount was 10 
times that of the solution in a high-velocity-revolution mixer so that precipitation would 
occur. The precipitate was filtrated while it was washed with methanol and dried under 
vacuum. As a result, a polymer in a white powder state was obtained. 

5 g of this polymer were weighed into an open glass container, this container was 
placed in an autoclave, and an excess amount of ammonia was added to it in such 
manner that the pressure would be 8 to 1 0 kg/cm^ at 20*^. 
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This was caused to react for 20 or 48 hours at 15 to 42T: as shown in the Table 
with agitation or without agitation. 

After completion of the reaction, the unreacted liquid ammonia was removed by 
evaporation, and the polymer was washed with methanol several times. 

This was dissolved in 50 ml of benzene and passed a glass filter. The filtrate was 
then added 500 ml of methanol in a high-velocity-revolution mixer so that precipitation 
would occur. There was little or no matter undissolved in benzene. 

The reprecipitate was washed with methanol, filtrated and dried under vacuum. As 
a result, a polymer powder was obtained. 

2 g of this polymer together with 30 ml of iS -propiolactone were encapsulated into 
a glass ampule in a nitrogen atmosphere and allowed to stand for 20 hours at 50°C to 
be polymerized. 

After completion of the reaction, the ampule was opened, and chloroform was 
added to the ampule so that the solution became homogenious. This solution was 
added to benzene whose amount was 10 times that of the solution. 

Practically no impurity was observed in the solution. However, this was filtrated 
with a glass filter, and the filtrate was concentrated to approx. 80 ml at 30 to 50X: 
under vacuum. 

This was added to 800 ml of methanol in a high-velocity-revolution mixer so that 
reprecipitation would occur. 

The precipitate was washed with methanol several times, filtrated and dried under 
vacuum. As a result, a copolymer in a powder state was obtained. 

It was found that in these reactions agitation particularly in ammolysis was 
required very much. 

As for the copolymer thus obtained, an IR absorption spectrum was observed in 
the adjacent poly- ^ -propiolactone section, and a crystalline diffraction peak was 
observed in the poly- /3 -propiolactone section in the X-ray powder diffraction pattern. 

Therefore, as the i3 -propiolactone addition rate increases, the crystallinity of the 
polymer rises. However, the static chargeability of the copolymer declines 
significantly. 

The copolymer shows a rather higher melting point than that of polystyrene within 
the range of B -propiolactone addition rate not exceeding approx. 32 mol%. 

Any of the copolymers does not exhibit any phase separation or any double 

melting point. 
Example 3: 

10.6 g of acrylonitrile, 0.1 g of a , a ^-azobisisobutylonitrile, 30 ml of carbon 
tetrachloride, 30 ml of dimethylsulfoxide and 6.64 g of carbon tetrabromide were 
sealed in a nitrogen atmosphere and allowed to stand for 50 hours at 50°C to be 
polymerized. 

After completion of the reaction, a dispersion of the polymer was added to 600 ml 
of ethanol in a high-velocity-revolution mixer, and a precipitate of the polymer was 
obtained. 

This was washed with ethanol, filtrated and dried under vacuum. 3 g of this 



8 



polymer powder were put in an autoclave, and an excess amount of liquid ammonia 
was added. After that, the autoclave was purged with nitrogen, and the contents were 
caused to react with agitation for 40 hours at 15 to 30°C. 

After completion of the reaction, ammonia was removed by evaporation, and the 
polymer was washed with ethanol, filtrated and dried under vacuum. 

2 g of this polymer together with 40 ml of a -caprolactone were encapsulated into 
a glass ampule in a nitrogen atmosphere and allowed to stand for 10 hours at 50°C to 
be polymerized. 

After completion of the reaction, 40 ml of dimethylsulfoxide were added to the 
ampule, and this solution was added to chloroform in a high-velocity-revoiution mixer. 
As a result, a precipitate of the copolymer was obtained. 

After the precipitate was washed with chloroform, it was filtrated and dried under 
vacuum, in a high-velocity-revolution mixer. The copolymer thus obtained showed an 
infrared absorption spectrum in the vicinity of 1740 cm \ testifying that it is a 
copolymer. 

The volume resistivity of this copolymer was approx. 10® Q/cm, indicating that It 
has conspicuous antistatic properties compared with polyacrylonltrlle. 

The copolyrner did not melt. 
Example 4: 

1 0 g of methylmethacrylate together with 0.3 g of polymethylmethacrylate, 0.001 g 
of methacrylate, 0.01 g of a , a ^-azobisisobutylonltrile and 10 ml of carbon 
tetrachloride were allowed to stand for 80 hours at SOt in a nitrogen atmosphere to 
be polymerized. 

100 ml of dimethylsulfoxide were added to this polymer and added to 1 liter of 
water in a high-velocity-revolution mixer. As a result, a precipitate was obtained. 

This was washed with water adequately, filtrated and dried under vacuum. 

2 g of this polymer powder were weighed into an autoclave, and an excess amount 
of liquid ammonia was added. After that, the contents vyere caused to react with 
agitation for 20 hours at 40 to 50°C. 

After completion of the reaction, ammonia was removed by evaporation, and the 
polymer was washed with water, filtrated and dried under vacuum. 

20 ml of jS -butylolactone were added to 1 .5 g of this polymer and allowed to stand 
for 30 hours at 40^ in a glass ampule purged with nitrogen to be polymerized. 

After completion of the reaction, the contents of the ampule were added to the 
water in a high-velocity-revolution mixer. As a result, a precipitate was obtained. 

After the precipitate was washed with water, it was filtrated and dried under 
vacuum. 

The copolymer showed a j3 -butylolctone unit of 30.2%, a melting point of 130°C 
and volume resistivity of approx. 10""^ Q/cm. 

The copolymer showed no phase separation or double melting point. 
Example 5: 

2 g of the ammonolyzed polymer of Example 2-7 shown in the Table were weighed 
into an autoclave. An excess amount of ethylene oxide was added to this and caused 
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to react with agitation for 20 liours at 80°C. 

After completion of \he reaction, unreacted ethylene oxide was removed by 
evaporation, and the copolymer was dissolved in 20 ml of chloroform. This was added 
to 200 ml of methanol in a high-velocity-revolution mixer. As a result, a precipitate was 
obtained. 

The precipitate was washed with methanol, filtrated and dried under vacuum. This 
copolymer showed an infrared absorption spectrum of the ethylene oxide polymer unit 
adjacent to 1050 cm'\ testifying that it is a copolymer. 

This copolymer showed a melting point of 91 to lOOt and a volume resistivity of 
approx. 1x10° Q/cm, indicating satisfactory dyeability. 
What we claim: 

1 . A method for producing terminal block copolymers which comprises the first step in 
which a polymer having one halogen on one end or both ends of a polymer molecular 
chain by adding a telogen that is capable of dissociating halogen radicals to the 
polymer system of a radically polymerizable monomer which has an ethylene-like 
unsaturated bond at the end, the second step in which the polymer obtained in the 
aforementioned first step is ammonolyzed to turn it into a polymer having the primary, 
secondary or tertiary amino group, and the third step in which the polymer obtained in 
the aforesaid second step which has an amino group is addition-polymerized with at 
least one of the three materials, that is, j3 -lactone, £ -caprolactone and ethylene 
oxide to cause that such polymer to be bonded to the polymer having ethylene-like 
unsaturated bonds at the end at the part of the amino group. 
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